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I. Xntroductoq remarks.

This zeport concerns the present status of the

People fmm b!gelap Atoll, 4 years after the SCAMeatal

pqmlation to @ignificsat amounts of fallout radiation.

cursed following the &tonation of a large thermontdear

82 Marshallese

exposure of this

The accident oc-

device during

Ikperiments at Bikini in the pacific Proving Grounds. An unpredicted shift

in winds caused deposition of significant amounts of fallout on 4 nearby in-

habited Marshall Islands md on 23 Japanese fisherman aboard their fisl&ag

vessel, the Lucky Dragon. Sixty-four inhabitants of the island of Rcmgelap,

105 nautical miles away fmm the detonation, received the largest fallout;

viz. an estimated dose of 175 r whole-body gamma radiation, beta lesions of

the skin and epilation fmm contsadmation of the skin and slight intemd -

absorption of radioactive material. Mso 18 Rongelap people away on a nearby

island (tilingnae),where less fallout occurred, received only about 69 r.

(Discussed in earlier reports but not in this reprt were 28 American ser-

vicemen on Rongerik Atoll who received about 70 x and 157 Marshallese on

Utirik Atoll uha received about 14 r.) The people mre evacuated to Kwajsleb

in the Marshall Islands by air and sea about 2

Extensive exsudnations were carried out during

exposure and these findings have been reported

days after the acci&nt.

the first 3 months after

in &tail.@) In view of

the radioactive contamination at their hom island u“ Rongelap, the people

were subsequently moved to a village provi&d for them at M@uro Atpll thre

further follow-up medical sumeya were carried out and reported on at the

following periods after exposure~ 6 months, (5) 1 year, W 2 years,(9)

and 3 years.(1)) Details of the 4 year findln~a are being published.(II.)

@ .@e, 1957 the radioactivity levels on Zongelap ~re consi&red mfe
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for habitation and the people were returned to their home is-d where the

present exasdnationa were carried out. M LST was furnished by the Navy

tQ transport the metlicaiteam fm KafajaZeinto Rangelsp and to sot m a

base of operations. ~ unfortunate mishap occurred at the conqletion of

the survey when s plane transporting the medical equipment was forced to

jettison nearly all of the equipment and S- of the data and records J.ato

the ocean. Xmportant losses included *r&y f i.lnxsof the children’s bones

for the growth and development studies and the gamma spectroscopic dat8-
,

In view of the iscprtance d the latter data. ● return tr~p to Rongelap

with new equipnamt was made to obtah tha data again 2 rmnths later.

‘lW nmiical team for the four year survey consisted of 22 doctors

and technicians including personnel frcm Brookhaven National Laboratory,

the U, S. Publlc Health Service, Naval

Naval Radiological Defense Laboratory,

tory medical group. *

11. Examinutions.

Medical Researoh Xnatitute, the

and Mam&mUe se f mm the Trust Terri-

A. History and physicsA exaiainat ions

Histories were taken by a Marahallese

.

practitioner with particular ‘,
.

emphasis on the interval history during the past year.

Cm@ete physical examinations tame carried out on both expmed

* Recent survey material presented represents findings of the ent ins teaah

This paper was not written by all members of the team and the cunc~usions

presented do not necessarily represent their viewpoints. Detailed find-

ings of the 4 year survey ace being published.(n)
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and cmsparison pqmlat ions, including examination of the akin, with cola

photography of selected lesions; ophthalmological studies including slit-

- observatims, visual acuity, and accomnodation; growth and developmmt

studias in c.ldldxen (&6s thaa 20 years of age) including Snthroetric

studies; XX records on a31 subjects over 40 ~eara of age; sad other x-ra~

e%aminathna as deemed necessary.

B. Laboratory I&aminat ions

Hematological examinations included 3 complete blood analyms

(total white counts, differential, platelet counts by phase microscopy,

and hematocrit by the microhenaatoczitnsrthod)done at about ueekiy inter-

vals. Sera were obtained for total pmtcin determimtions by protcinometcr,

protein bound iodine, and starch electrophoreais studies. An intestinal

parasite survey of the population was caxried out by eXamiming the Stooh

of 190 people for ma and parasites. holed urines and a few efficiently

large samples fmm ~ingle individuals were obtained from both the exposed

and unexposed groups for radio-chemical analyses of Cs and SK? whde-

body couata with gamma spectroscopy were obtained on board the ship by

placing the individuals in ● massive steel room with 4-irachthick walls,

with the necessary crystals and electronic equipment attached. The steel

room uas constructed at Brookhann National Laboratory and was transported

to Ro~chp via commercial ship and I-ST.

c* DifficultAm associated with examinations

Several difficulties associated with the examinations of the

Marshal&se should be mentioned:

(1) The lsnguage barrier made the examination Wficult since

very little English is spoken by the Marahallese. However, sufficient

interpreters were avaiiable to assist the medical team.
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(2) The lack of vital statistics to be found on the

imposes a serious difficulty ha interpretation and evaluation

date.

Marshallese

of the medical

(3) Ihe uncertainty of e=ct ages of - of the Marahallese,

largely due to lack of written birth records. It C- to light during the

past examinations t&t there were some uncertainties in the ages of chil-

dren. Zt is hopal that these ages may be

the growth ‘anddevelqsent studies in the

baaiS.
●

eatablished more firmly so thai

children may be placed on a fhr

(4) Difficulties in obtaining what could be constired as entire~y

adequate populations to act as Comparison groups fox the irradiated peoplu.

lllreeseparate groups have been used for comparison in the past. XMugh

each greup matched well for age and sex, the first two groups proved ua-

satiafactory due to difficulties in Iocating the people for subsequent

examinations. Fortunately, by 3 years post-exposure, it was found that a

large group of Rongelap people who had been away from theix home island ●t

the time of the accident had returned to live with their fellow Rongelap

people b

for age

parison

Beoaua% they were of the sam? stock and mstched reasonably well

and sex, these people wre uniquely appropriate to serve as a uxs-

population. They retimed to Rongelap with the other %mgelapeae

and were used agafn as the comparison population for the 4 year mmvey.

XII. Results.

The present status of the Mamhallese

to date by a brief summary

findings.

IMring the first

of the past findinzjs

24 to 48 hours after

of the Rongelap people experienced anorexia and

people will be brought up

accompanying the present

exposure, about two-ttdr&

nau6ea. A few waited and



had diarrhea. At this time many also ●xperienced itching and burning of #a

akin and a few complained of Iacrimation and burning of the eyes. Pol”lou-

ing this, the peeple smi.ned asymptoamtic until about 2 weeks after the

accident, when cutaneous lesions and patchy loss of hair developed due to

beta irradiation of the akin. Hemato&gical examinations showed increasing

depression of peripheral blood ele?senta,and radi+chemical exaainaticms

of the uri.aerevea2ed the presence of detectable radioactivity in the samples.

Durkg the first feu IX@& nany of the people showed a slight

weight 10ss. It h not known if this was associated with irradiation effect

or environmental change.

& Hemato@ical findings

Figuxes 1 and 2 show chronologica.llytihechanges (in absolute mean

counts) that have occurred in peripheral blood elemmts of the 64 Rwtgelap

mple who received the largest

changes have occurred in the 18

at the tk of exposure.

dose of radiation. Similar but less marked

Rmgelap people who were on AM.ingnae Atoll

1. %’Be. The leukocytes largely reflected the changes that occurred

in the neutrophiks (see FiGwxe 1) and will not lx discussed separately.

Ihm@ained ch~~cs in the mean level of blood elements have occurred from

ye= to year

2.

neutrophiles

in both exposed and unexposed populations.

?+eutrog’hiles.During the first few weeks after exposure* the

fluctuated considerably, then gradually fell to a low of about

S3% of the comparison population at about the sixth week. (Figure 1). k=

covery was slow, and it am not until the one year examination that the

counts returned to the coxnparisonpopulation level and have been found to

be essentially the saw as the unexposed group at A, 2, 3, und 4 years post-

exposure.
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3. Lymphocytes. By the third day after exposure the mean lyzspho-

cyte level had fallen to about 5S% in the adults and 2S% in the children of

the mezposed cmparison population. (Figure 1). The le=b Z-hd la

longer than the neutrophl%es and have been very slow Ln recovering. Iheze

was little zecovery by 6 smnths but an upward treml h= since -curmch

After 3 years the lymphocytesmre sl~htly below the -n level of the ccsm-

parison Population

counts show&l more

showed the highest

for all age groups and distr ibutiorialstudies of individual

lower counts in the exposed groups. The 4 year study

level thus far attained (3600 Cells/mms COIUP=ed to

3700 cell~h3 in the unexposed

is considered almost complete.

counts plotted according to age

Pe@e} and recovery of this blood elesxmt

However, ● acattergrwO of the indivMua2

and accmaulative distribution curves showed

more of the counts to be lower than In the unexposed population.

4. Platelets. There was a steady reduction in the platelets in

the peripheral blood after exposure reaching a low of about 30% of the un-

exposed group by the fourth week. (see Figure 21. A rapid recovery trend

was then followd by a fluctuating~ slow recovery pattern, the males she

im2 slower recovery than the females. Even at 4 years post-exposure the s

platelet production does not appear to have recovered ccmple:ely. The counts

tw!reM@er than a year ago but compared with man msxposed levels were

abut M% lower in the males (greater than 10 years of age) and 9% lower in

the females. A scatkergmin (Figure 3} shows individual counts in the malt?$

and the mean curve of the controls plotted against age. lMe counts are pre-

ponderantly below the control

females.

paralleling the neutrophiles.

curve. This trend is not as marked in the

monocytes showed depression and recovery roughly

Bosinophilia is present in all the populations

studied. bring the past survey the differential counts showed eosinophilia



.,

above S% in akut half of the people of both groups.

6. Hematocrit. Erythropoeitic activity as evidenced by hematocrit

readings has not shown atryremarkable change since exposure. The values

have been consistently on the low side of normals, according to American

standards, particularly in the females .in both exposed and unexposed people.

The hematocrit readings after 4 years were about the same as found ●t 3 years

and about equal to the comparison population &vel.

B. Phys iced findings

1. Diseases. There have bee~ no diseases. im-ectious m non-infec-

tious, that could be related to irradiation

transfusions, or other specific therapy has

or therapeutically in the Narshallese, even

.

effects. No antibiotic, blood

been used either prophylactically

during the acute period when

xaaxinumdepression of the blood elements was notcc?. The incidence of dis-

eases in both the exposed and comparison populations INUSbeen a!?!xwtthe saae.

Even when leukocyte &press ion ww greatest (the Icvels reaching about half

of the levels of the

there was apparently

of upper respirator

comparison population at about 5 to 6 weks post-exposure]

no increased susceptibility to infection. An epidemic

infection that occurred at this time showed no ~seater

incidence or severity in the exposed people compared to the unexposed. There

was no bkxiing associated with a maximum depression of platelets (11 indi-

viduals had platelet counts between 35,000 and 65,OCO). The people have

since sustained epidemics of msaales, chicken pox, upper respiratory infec-

tions, and gast:oenteritiswithout untoward reactions. A lidtcd study of

the immme response at 3 years post-exposure showed that the antibody re-

sponse to tetanus toxoid antigenic stimmlus was not significantly different

in the exposed and unexposed people at that tima. llurti~the past year S

exposed children

No other serious

and 1 unexposed child presumably had Mectious hepatitis.

illnesses were reported.
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Zhrec deaths have occurred in the exposed people. me first was

in a 46 year old man who died of hypertensive heart disease 1 year post-

expoaure. He had had the disease at the tirIsof irradiation. Tlw second

&ath eccurred in a 78 year old man at 2 years post~ure. He was a

diabetic of long standing and died apparently of coronaay heart disease.

A third &ath occurred in April, 1958 in a 38 year old man. (He was in

the group which received 69 r.) IAzathwas due to pneumonia complicating

a severe case of chicken pox. in none of these cases was there any evidence

that death was due to irradiation exposure.

2. Growth and deve@me nt studies. Cross-sectioned data on height

and weight and bone age determinations for the 2 and 3 year surveys gave an

impression of lag in growth and &velopment in the exposed &iZ&en com-

pared with unexposed chil&en. However, in an attempt to obtain axoreac.-

curatc birth dates of ths children on the 4 year survey~ it was found that

ages of SOIUSof the children which were thought to be eatabliahed were in

quest ion. The absence of recorded birth iszformation seriously complicates

the detmminat ion of the accuracy of given chronological ages and dates of

birth. Wre definitive evaluation of the data will be possible when veri-

fication of the birth dates is co~leted. Detailed geneGloLJicaland bio-

logical histories are being compiled to establish the most probable birth

dates of each of the children. (Unfortunatelythe 1958 roentgengrams of

the wrist and knee, intended for assessment of osseous maturation, were

lost at *s.)

in addition to cross-seetioned studies~ longitudinal studies of

ticremental growth data and bone saturation studies over the period since

-a-



exposure will be undertaken when ages of

establiahed.

3. Ophthalmologicalfindings.

the children are sore firmly

Ophthalmological exsnun“ ations b

cludi.ngS1it-l- studiea at yearly intervals have not revealed any opad-

ties of the lens that might be associated uiih irradiation effects. No

differences in visual acufty between exposed and unexpwud people have been

noted. The 3 and’4 year examinations revealed an hzcrease in incidence of

pterygium in the exposed population. Arcus senilis and senile cataracts are

of slightly higher incidence In the exposed @NJp but have not shown an in-

crease since exposure. In general most of the ~MarshalleBepeople ~

have superior vision and accmsmiation compared to our standards. The @

cidence

Many of

*
of glaucoma, myopia, retinal arteriosclerosis, and squint are low.

the people have large corneas which will be further studied.

4. Fertility. It has not been possible to show even a temporary

sterility on the basis of comparison of frequency of pregnancies in the

exposed with the unexposed people. There have been 18 healthy babies born

in ●ach of the exposed and unexposed groups since the accident. The preg-

nancies were distributed fairly evenly over the 4 year period.

!3.In utero effects and effects on gregnanq. Four fetuses were

irzmiiated in-utero. One was in the first, two in the second, and one in

the third trimesters. Pull term deliveries resulted in apparently normal

babies. lhere were S miscarriages or babies born dead or dyi~~ shortly

after birth. Lack of vital statistics in this regard makes it impossible

to evaluate these findings with certainty. Howevar, from comparison with
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sxmll nmbers of unexposed people, it does not appear that this number is

exceaaivdy high.

6. Other finding acOsmori to boti expose d and Unexpos ed Marshal.lese.

m. ?iutzition. The diet of the !tongelap xpie is extrefdy.—

limited in variety although the caloxic intake appears to be adequats. WY

appear to maintain sattifactmy nutritional status without gross titad.rt

deficiency a~pt at the time of the 4 year exaaisa+iona about 12 children

usre found to have mild fight blindness. Thti defect uus corrected with

vitamin A therapy.

Q. W9eaaes. 2%s paucity of findings associated with degener-

ative dlsesses in the MazshaUese people is striking. While the population

examined h too small to perdt my valid statistical analysis, the clinic-

al Impression is that diseases such as atherosclerosis and hypertension

are consi&’rably less comcmn and of leas severity than in a comparable

group ef our population. R2ectmcardiographic tracings revealed a low

incidence!of positive findings and the generfl age appearance of the trao-

ings is younger than would be expected. This is in contrast to the general

ixapresaionthat these people age nmre quickly and possibly have a shortei?

life span. No cases of mlignsncy ham been seen in the populations un&r

discussion. There has been a general feeling that conditions such as

peptic ulcer, hernia, varicose veins, hemorrhoids, and vaginal prolapse

ara much less comzwn than one might anticipate in exar&ning a random group

of people of similsr age in our society. One interesting ffiding has been

the high incidence of kyphoswlios is● The cause is not apparent. Skin

infections, particularly with tenia Versicolor and impetigenous lesions

in children, have baen quite prevalent though dernatophytosisof the feet

has been of low incidence. Extensive dental caries was commonly found.



~. Congenital anomalies.

is believed to be higher than found in

The incidence of congenital anomalies

Americans. ~e increase may be due

to the fact that these people have been living in a relatively isolated area

for some 2000 years with prevalent conaaaguinous-tk=s.

& Labormt ory findings of interest.
~

3osimphAlia is pravalent. AS pointed out about half of the

people have grester than 5’3eosinophiles in their cliffcrential counts. An

intesti.nalparasite survey at the 4 year study revealed stools positive for

v2zious parasites in about M! to 85% of the people. However, -kworm was

the only parasite noted which is generally associated with cosimphiliai but ,

the incidence was too

ally high eosinophile

responsible. Another

low (about 2% of the pmple ) to account for the gener-
1

counts● I%e prevalence of skin diseases may be partly $

possibility is that the incidence of trichinosis in- i

festation may be high. (Pigs are used for meat and rats are numerous on !

the island.) This will be a.subject of further s@ty. The IOU incidence ~

of hockmrm would not account for the low hematocrit readings. In fact,

there was no correlation in individuals between heinatocrit,par=ite infes-

tation or eosinophilia. The tendency toward low hcmatocrits may be related

to nutritional deficiency of iron or proteine but there is no good evi&nce

that these factors are involved.

These people generally show high total serum protein levels (mean

of 8 g) with increased garam globulin {mesn of

these findings is not immediately apparent.

An unexpected finding is a generally

2.4 g). The explanation for

high protein bound iodine

value (~sn value for the population of 9.4 pg/100 ml.) The explanation

for this is not apparent, particularly in view of the fact that the people

do not clinically appear to be hyperthyroid. Serum cholesterols and creuti-

nine levcla ~re found to be within normal units.

-11-



C. Beta lesions of the skin, epilation

Multiple beta lesions of the skin, IdI@ On the areas of the

body not covered by chthing, and Epotty epilation associated with beta

lesions of the scalp appeared in many of the people *g*ing 12- 14

daya after expomre and coniinuhg ovar the follod% few weeks. Most of

the bsfoms ~re superficial and were characterized by thickeniw and P*

mentation of the sk~n accompanied by mild itching W burni%. ~

tion fofiowed with healing and repigmentation over the uxt few weeks.

Regrowth of hair began about

@f norau.1hair by 6 nrmtlzs.

lesions which ulcerated but,

3 months after exposure with complete return

About 20% of tne cases exhibited mom? severs

in all except me severe ear 2esion, coaplete

healing occurred within ● few wee-. bticmx+copicchanges were chatactes-

istic of rad.iation effects with the epidermis showing the greatest duqe.

About 14 cases continue to show residual changes at this time

by mild scarzhg and atrophy and varying degrees of decreased

casea, increased pigmentation. In no c-e, either grossly or

has any malignant or pre-sudignmt change been observed.

charactcri=d

and, in some

xicto6copically,

D. Internal absorption of radioactive isotopes

At present the accumulated evidence supports an assumption made

initially that foAlowing centamAnation by fallout the radiation dose fmm

external sources wuld be higher than that from intcmally depositd sources.

Because, however, so relatively little is known about the mechanisms and

consequences of internal depouition of f Issicm products, study of this phase

of the problem was among the first of the studic?sundertaken in 3954 and

has continued to be a part of subsequent re+xaainat ions of the exposed

population.

A few short-lived radioisotopes, I+ 3$
89 143

, and Ba , accounted

for nnst of the ectivi~ found in urine specimens obtained during the first



24 duya after the contaminanting ewnt. Analysis of the 24 day urines per-

forsmd 2 years later showed that the samplea also contained sume Sr*and

#7. ~=xl activity in the urine &creased from 12 cL/WI in the 24th day

90
S~~W h c.344.41 &k/l in the 1957 SWC*. 6r =a17se8 On Wb

samples taken in the 4 year survey have not been completed. TM c8=7 uri-

nary activity fl?sctuaied,decreasing from X74 Wtil on tti 24th day to

33 d/m/’l k 1956, and then increasing *O D7-370 ti~~ in 1937.6 Preli@i-

137
nary analysis of the 1958 data indicate tbt the Gs activity in Urixle

increaaed by a factor of 100 over the 1957 levels. (7wo residents of Wirik

Atoll who had been living an their island since several months after ita

accidental cont~iat ion in the 1954 fallout had urinary Csm actiqities

of 11,6S3 and 3,73S d/m/l i.n1957.) !

As part of the 3 year post-exposure survey 4 of the Rmq@ap

people were brought back te Argonne National Laboratory -re a gore di-

rect measurement of the internally depsited ganunaemitting radioisotopes

was obttied. 05) Cs
i37

was identified as bein~ the most prominent ~amma

6S ‘emitter =6 the presence of the neutron-induced rad.ionucli& Za U*

discovered. Analysis of the s~ctra lndicatccim average body burden’;of
\

.02 microcuries of Cs337 65
and .03-.07 microcurias of Zn in the Xangel’@

residents. W IJtirikresidents stilarly measured had 0.22 and 0.41 mi-

137crocuries of Cs

6. We are $rateful

and .432 and .229 microcuries

to Col. James HartgerirxS(K)

of ~65CWl
‘\

USA, Ma.j.Kent T. WxxWard

(W] USA, Lt. Ariel Schrodt of the Walter Reed Army ?dedica.t&nter,

Dr. John Harley and W. Edward Hardy of the ANcwYork -rat ions Qff ice

of MC, and Dr. Stan Cohn of US NM?_ for assistance in radio chemical

analyses.
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Comparison of spectra in varims groups of people at Rongelap

Atoll in 1958 shows that there Is little difference between those exposed

in the 1954 fallout and those not exposed. A small group of people who

moved from n non-contaminated island to %mgelap island only 2 Ifi months

previous to the present survey had Iesu than o-half the Ce‘7 level and

6S
less thsn one-third of the level of Zn of the Ronge* residents. A gnup

of 56 people who had been living, until a month before the survey, OXIa

slightly more contaminated island about ten miles to the north shovad

137
slightly higher Cs, peaks than the inhabitants of Rongelap Island.

Because the 1958 data has not been subjected as yet to the thorough

analysis, the quantitative st~tements regarding the body burdens are pre-

liminary. Hovs?ver,on the basis of coun%made with appropriate standards

corrected for Sb80rption and geo~try, it is estimated that the body bur-

dens of Cs
u’ 65

iS 0.*S-I.5pc and 1.O-3.(3pC of Zn . (The body burtin of ~

Rongelap people of Cs137 at 1 day after exposure in 1954 is estimated as

having been about 0.01-0.02 PC.)

of one of

#7 ~

levels of

me spectra of whole body gamma activity seen in 1957 and in 1958

the Rongelap resi&nts are compared in Figure 4. In both spectra

Zn’sare responsible for most of the

both are much higher than those seen

is seen at 1.6 ?asvin the 1958 spectrum. This

of the background spectrum and tuu tentatively

is probab& that the Da140-h140 isotopic paix

tsmination frosmthe 1958 Padfic test

room was slightly contaminated before

7. The absence of peaks except at 1.6

such as waahing down the ticks and

ser3.e8.

g~ activity, but the 2958

in 1957● An additional peak

peak was a prominent feature

been ascribed to La
140

. It

resulted from fallout con-

‘ITieship containing the steel

proceeding from Eaiwetok to Rongelap.7

mev and the fact that external procedures

removing cent aminated deck paint defi-

nitely lowered the background inside the room (from about 70,000 cpm to ,

about 25,000 cpm total counts) indicated that the centamination was outaida

the steel ro~.
(\
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Low levels of Ba
140-#10

were also present on Rongelap as indicated by

the 20W lCWEIS of this iSOtOPS iIIthe spectra d some of tk PSOPb =-wed

on Ron@ap. It should be noted that not all of the subjects s-d a dis-

tinct peak at 1.6 m?v. POS exaaple, the Gpectrum ehom in F&urc 5 has VeXY

little net activity abcm 2.2 mm. The presence of the brge l.b awv peak

in the background, however, makes it diff kult accurately to evaluate the

~40
peak d 1.46 x, which shows up clearly in the 1957 spectrum.

lhe c@ferences betwen the 1957 and 1953 body burdens of CS*

~ ~n6s
refIect the different levels of these isotopes in tbeir diet. It

is not known whether they have reached equilibrium with the incseased mnounts

of these isotopes in their present envirm.ment6 Because of the relatively

137
short biological half lives of Q and Zn6S, little of the present levels

can be attributed to the original activity which was absorbed in 19M.

Therefore most of the activity represeata Csm and a65 ingested rela-

tively recently.

E. Late effects

t ion have

The acute cff ecta of exposure of this population to fallout radia-

subsided. ‘1’tmtthe dose of whole-body gamma radiatien had been

in the sublethal range ~ suhtant iated by the following findingsx the

early symptoms of nausea and vwdting were mild, transitoq, and did not

recur; the hematopoietic &pression was insufficient to result in clinical

evidence of increased susceptibility to infection or in gross bleeding;

no obvious effects on fertility, or on children who were irradiated in-utexo,

or on the course of pregnancies were noted; and lastly, no deaths have oc-

curred that appeared to resemble acute or late

been described. At 4 yea:s post-exposure, the

the init id radiation exposure to be found are

covexy of certain peripheral blood elements to

.M.

radiation deaths that have

only remaining evidences of

(1) the lag in complete re-

the levels of the comparison



population; (2) remaining residua of the beta lesions of the skin; and

(3) low levels of remaining radioisotopes absorbed internally.

Late effects of rzadiatiorI exposure have not been seen, but certain

of the uore funchuaentalof these effects that have been observed in aniaaAs

and to a lesser extent in man will be mentimcd in relation to the Marshal-

L3ae●

1. Shortening of lfi-espan (2,3,6) has not been evidcrit. I%e 3

deaths that have occurred in the exposed population do not sppeas to indi-

cate a hi~her mortality rate than seen in the conwrison populations. km

these observations it would appear that some of the higher estinatcs of life

shortening per roentgen may be too high

2. Premature We% (1,4,7;14) is difficult to assess. FSOSUobser-

vations over the past 4 years the impression is that the exposed people have

neither aged faster nor appear older than simil=ly aged unexpo~eclMarshal-

lese. No &ubt the subtle changes which occur with ageing wuld be diffi-

cult to tietectover this period of time. During the 4 year suney, data

has been collected in an attempt to obtain semi-quantitative estimates of

biological age by scoring the degree of certain criteria such as greying

of the hair, akin looseness, skin retractility, arcus seni.lis,retinal

arteriosclerosis,accommodation, blood pressure, etc. These data have

been completely analyzed yet.

3. Dei;enerativediseases have not been found to be inczcased

not

in

the exposed people. M malignancies have been detected. Xn the irradiated

Japanese an increased incidence of leukemia has been noted.(17,18) ‘There

havv been no cases of leukemia or leukemic tcnden~ noted in the ,Narshallese.

(No cases have shown decrease in slkaline phosph.ataseof neutrophi.lcsnor

have increased levels of bam@il@s beeIInoted.) since the incidence of lnalig-

nancy or leukemia would be expected to be

-16-

relatively low with the dose of



Irradiation received and sifi= such a small popdation is involved the

probabilities are good that such effects wi~l not be observed ti the

Narshallese.

4. OphWalsmloqical changea related to late effects of xad.iation

(.8,20) have not been seerA. Slit-hap obaervatione over the past 4 years

have revealed no polychromatic plaques or cataracts. No differences =re

found in visual acuity in the exposed and unearpoaedchildrcn.

5. Genetic effects. NO specific atudics for genetic effects have

bee~ conducted. However, no abnormalities have beem noted in the 16 babies

tmrr!of irradiated parents. In view of the generally negative findings in

the studies of the first generation offspring of the irradiated Japanese ~19)
,

it is unlikely that genetic studies in this group will bC f~itful. ~ ~

6.
*

skin SUCh SS

changes have

7.

Beta irradiation.

chronic radiathn

been found in the

No late effects of beta ixrsdiation of the

&r3uatitis or pre-mdignant or mali=~t

Marshallese.

130dyburdens of radioactive Isotopes. The present body burdens

of radioaetivs iaotopea absorbed from both the initial contaminating event

and from the present habitation on Rongelap are far below the accepted toler-

ance levels and the hasard from this exposure is unlikely to result in any

late effects.

liven though as pointed out, the radioactive contamination of

llon~elapisland is considered perfectly safe for human habitation, the Ieveh

of activity are higher than found ti other inhabited locations in the world.

The habitation of these people on the island therefore affords a most vak-

able ecological radiation study on human beings. Since only small amounts

of isotopes are necessary for tracer studies, the various rtioisotopea

present can be traced from the soil, through the food chain, and into the

-M-
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huaan being, where the tissue and organ distribution, biological half-

Iives, and excretion rates can be stutied. such tivestigatio~ will be

dome by the use of Wok-body gamna spectroawpy of the people and af

sample materials, sad by radio *eAcal a~ysis of SOi~8 f~d, ~d

human excreta.
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Legends for Figures

Figure 1. Chrond@cal chsnm-s in leukocytes, neutxophiles and lymphocytes

in !tongelappeop& following ●xposure to 175 r of whole body radiation

f ronzf-out. Fointa represent aieancounts of population G years of sge.

Open points are mean counts af comparison population used at that time.

Figure 2. Chronolo~ical changes in plateletu ef hngelap people following

exposure to 175 r of whole body radiation from fallout. hints represent

raeancounts of males Q5 years of age and f,enalesef all ages. Stars

represent comparison population mean csunts at that ti=e.

Pi=mre 3. Sczttcr~am of individual 19S8 p2ate&t counts, males, plotted

against age with mean curves of the 3 year and 4 year comparison population

males platted acwrding to age.

Figure 4. Gamma spectrographic data on Rongelap male (k. 79) comparing

3 year body bur&n of gamma isotopes obtained at Argonne National Labora-

tory when he had been living on an uncontaminated island with body taarden

at 4 years when he had been living on Rongelap nearly one year.

Figure 5.

living on

Body burden of gamma isotopes in Rongelap mm (No. 50) after

Rongelap island for nearly one year.
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